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ABSTRACT

A motion controller is provided which improves system
responsiveness without having to raise the arithmetic capac-
ity of a master controller or to boost the communication
speed of a network. The master controller 1 uses a program
analysis unit 1g to separate, from a control program desig-
nating a tolerable delay time for operating control target
apparatuses, a slave use program to be executed by a slave
controller in a manner not to exceed the tolerable delay time,
and to create slave-to-slave communication setting informa-
tion needed by the slave controller to execute the slave use
program. Through slave-to-slave communication, the slave
controller 2 acquires input/output information from another
slave controller. The slave controller 2 also uses a slave use
program execution unit 2f to execute its own slave use

&7

program.

7 Claims, 12 Drawing Sheets

la

DISPLAY/INPUT UNIT ‘

MASTER CONTROLLER }

L]

K

[ 1e
(CONTROL PROGRAM J«—{FR0GHAN EDITNG UNIT |/—>
; 19

1] COMMUNICATION
1 SETTING UNIT
PROGRAM ANALYSIS UNIT 1h
T J

iy 1k

MASTER USE SLAVE USE
PROGRAM PROGRAM
EXECUTION UNIT| [ TRANSFER UNIT

pcoguar | [
pioceui | |

VETO-SATE TO-SIAVE

COHHUNICATION COMNUNCATION

SEITING HFORRATION]  (SETTNG [hFORHATION
1i

SLAVE USE 1c

CONMUNICATION

SETTING UNIT 1d

[ MASTER USE COMMUNICATION UNIT ]

3 NETWORK
|
[SLAVE USE [SLAVE USE SLAVE USC
COMMUNICATION UNIT [COMMU! ON UNITS| , , , {|COMMUNICATION UNIT
SLAVE 1 SLAVE 2 SLAVE n
GE . @
: ~ >
CCMMUNICATION ~—2a 2
SLAVE USE SETTING UN:T
COMMUNICATION UNIT

PROGRAN
TRAKSFER UNIT)

(COMHORTCATION
SETTING INFORMATION

DEYICE
CONTROL
UNIT

2f

SLAVE USE COMMAND
EXECUTION UNIT

SLAVE USE PROGRAM
EXECUTION UNIT




U.S. Patent Oct. 4, 2016 Sheet 1 of 12 US 9,459,617 B2

FIG.1

la— DISPLAY/INPUT UNIT

MASTER CONTROLLER

le
B
CONTROL PROGRAM]J<—— PROGRAM EDITING UNIT

= 7 1g 1b-/"| COMMUNICATICN

1f SETTING UNIT
PROGRAM ANALYSIS UNIT 1h
v im___ Vv ‘ ¥ - v

MASTER USEI 7 [ SLAVE USE ] SLAVE-TO-SLAVE MASTER-TO-SLAVE
IPROGRAM PROGRAM COMMUNICATION COMMUNICATION

~ SETTING INFORMATION SETTING INFORMATION

in ¢ 1k :

1j g v 1i )
MASTER USE SLAVE USE SLAVE USE lc

PROGRAM PROGRAM COMMUNICATION
EXECUTION UNIT| | TRANSFER UNIT | |SETTING UNIT 1d

v ¥ ¥ i
MASTER USE COMMUNICATION UNIT

3
L NETWORK

SLAVE USE SLAVE USE SLAVE USE
COMMUNICATION UNIT COMMUNICATION UNITJ . | LCOMMUNICATION UNIT

SLAVE 1 SLAVE 2 SLAVE n

2¢ ORI 23 (2
SLAVE USE SETTING UNIT
COMMUNICATION UNIT T ﬂ

SETTING INFORMATION
_2d _2f -

PROGRAM SLAVE USE commann | 2D
TRANSFER UNIT| | EXECUTION UNIT

DEVICE

2h/| conTRoL
2¢ —29 ONIT

SUAVE USE )L SLAVE USE PROGRAM
| PROGRAM || EXECUTION JNIT

Q@2




U.S. Patent Oct. 4, 2016 Sheet 2 of 12 US 9,459,617 B2

FIG.2

301a

'5100 _1/* Move to X0 at V0 ¥/ 301b
ﬁ/

.A_xE§t5t_u§[7A)TI§T]~=”C.I_N.55S_ S
| With Latency <= C_10 MILLISEC_ 1 301¢

302a
TSIOI _i/* Move to X1 at V1 %/ 302b

._.|I

| MoveAxis(AXISI, X1, V1); | 302
ORI S on 'y
| With Latency <= C_50_MICROSEC 1™ =02¢

S102: /* Move +DX at V2 */
MoveAxis(AXIS1, XAct+DX, V2);

In[PORT1] == ON
With Latency <= C_50_MICROSEC

S103: /* Move to X0 at V3 */
MoveAxis(AXIS1, X0, V3);

AxisStatus[AXIS1]== C_IN_POS
With Latency <= C_10_MILLISEC

S104: /* End */
return;
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FIG.5

S100: /* Move to X0 at VO ¥/

MoveAxis(AXIS1, X0, VO0);
AxisStatus[AXIS1]== C_IN_POS

~\

S101: /* Move to X1 at V1 */
MoveAxis(AXIS1, X1, V1);
v
<
[5102:
S/
v
<
(5103:
J

AxisStatus[AXIS1]== C_IN_POS

S104: /* End */
return;

FIG.6

(s )

In[PORTO] == ON

MoveAxis(AXIS1, XAct+DX, V2);
In[PORT1] == ON

[5102: /* Move +DX at V2 */ }

S103: /* Move to X0 at V3 */
MoveAxis(AXIS1, X0, V3);
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—801 —802 —803
INPUT PORT NO.| SLAVE NO. | DEVICE NAME
0 1 SENSOR A
1 1 SENSOR B
16 2 SWITCH 0
17 2 SWITCH 1
—901 —902 —903
AXIS NO., SLAVE NO. | AXIS NAME
1 2 MOTOR 1

2 3 MOTOR 2
3 5 MOTOR 3
4 6 MOTOR 4
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1
MOTION CONTROLLER

TECHNICAL FIELD

This invention relates to a motion controller that controls
control target apparatuses built into industrial machinery or
the like and interconnected via a network.

BACKGROUND ART

In recent years, control systems have been adopted which
are aimed at saving wires in an FA (factory automation)
system and which interconnect various types of control
equipment via a network. In industrial machinery, in par-
ticular, drivers for driving various axis motors making up the
drive section of the machinery and input/output devices
included in peripheral equipment are interconnected via a
network as control target apparatuses and controlled by a
motion controller.

FIG. 15 is a schematic view showing a general structure
of such a network type motion control. In FIG. 15, a master
controller (called the master hereunder) 201 for overall
control and slave controllers (called the slaves hereunder)
202 for directly driving control target apparatuses are inter-
connected via a network 203. The master 201 has a program
execution unit executing control programs, and a master
communication unit communicating with the slaves 202 via
the network 203 in order to input signal status 204 of sensors
or the like in the slaves 203 as well as to output commands
205 for operating the control target apparatuses such as
motors.

Here, the program execution unit of the master executes
control programs stored in, say, a memory at predetermined
intervals (called the control cycle hereunder). A growing
number of control target apparatuses (i.e., number of slaves)
and increasingly complicated control processes contribute to
prolonging the control cycle of the master. While commu-
nications between the master and the salves are conducted
also at predetermined intervals (called the communication
cycle hereunder), the growing slave count tends to prolong
the communication cycle of the network as well.

Generally, the control cycle of the master is set to an
integral multiple of the communication cycle. The control
cycle of the master determines the responsiveness of the
control system, i.e., a delay time (latency) that elapses from
the time a status change is detected in the input signal from
sensors or the like until the time machinery operation is
actually changed accordingly.

Thus, improving the responsiveness of the control system
in the past required shorting the communication cycle of the
network and the control cycle of the master, i.e., improving
the communication speed over the network and boosting the
arithmetic capacity of the master. However, this method has
posed the problem of raising the cost of the control system.

For this conventional network type motion controller,
there exists a known method described in Patent Literature
1 cited below. With this method, a servo response manage-
ment unit separate from a servo command issuance process-
ing unit determines whether or not a termination condition
suitably established irrespective of the execution of axis
movement commands within a motion program is met. If the
termination condition is determined to be met, the servo
response management unit notifies the servo command
issuance processing unit thereof and executes a different
command in order to enhance the speed of a servo command
issuing process.
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2
PRIOR ART LITERATURE

Patent Literature

[Patent Literature 1]
JP-2002-6912-A

SUMMARY OF THE INVENTION
Problem to be Solved by the Invention

According to the method described in the above-cited
Patent Literature 1, the responsiveness of the motion con-
troller (master) is determined by the execution cycle of the
servo response management unit. In the fastest-case sce-
nario, the motion controller can respond in the communi-
cation cycle of the network. However, this method requires
shortening the network communication cycle, i.e., improv-
ing the communication speed. This further requires boosting
the arithmetic capacity of the master in keeping with the
raised communication speed.

Also, where the master processes its control program in
centralized fashion as in the past, the master executing the
program is subject to growing operation load because the
scale of control targets has been expanded and because
control processing has become increasingly complicated.
This can be a factor impeding an increase of the above-
mentioned responsiveness.

It is therefore an object of this invention to provide a
network type motion controller that implements rapid
response of the system without having to raise the arithmetic
capacity of the master or to boost the communication speed
on the network.

Means for Solving the Problem

In achieving the above-mentioned objective, there is
provided a motion controller including a master controller
and at least one slave controller interconnected via a net-
work so as to perform input/output operation or control
processing on a plurality of control target apparatuses. The
master controller includes: a program analysis means which
inputs a control program with a tolerable delay time desig-
nated therein for operation of the control target apparatuses,
separates from the control program a slave use program to
be executed by the slave controller in a manner not to exceed
the delay time, and generates slave-to-slave communication
setting information needed by the slave controller to execute
the separated slave use program; a master use program
execution means which executes a master use program left
after the slave use program is separated from the control
program; a slave use program transfer means which transfers
the slave use program to the slave controller via the network;
a slave-to-slave communication setting means which trans-
fers master-to-slave communication setting information and
the slave-to-slave communication setting information to the
slave controller via the network, and a master use commu-
nication means which performs communication control
between the master controller and the slave controller via the
network. The slave controller includes: a slave use program
execution means which executes the slave use program
transferred from the master controller; a slave use command
execution means which executes a slave use command
transmitted from the master controller via the network and
received by the slave controller and a slave use command
issued by the slave use program execution means; a slave
use communication setting means which stores the master-
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to-slave communication setting information and the slave-
to-slave communication setting information, and a slave use
communication means which, based on the master-to-slave
communication setting information and the slave-to-slave
communication setting information, performs communica-
tion control between the slave controller and the master
controller as well as between the slave controller and
another slave controller via the network.

Also according to the above-outlined motion controller of
this invention, the control program may preferably be writ-
ten using a state transition diagram format, describe the
commands to be executed in steps each indicative of differ-
ent status, describe a termination condition for terminating
each of the steps when the termination condition is met, and
explicitly describe a tolerable delay time that elapses from
the time the termination condition is met until the time the
next step is executed. Alternatively, the program analysis
means of the master controller may preferably acquire
information about the delay time that is tolerable when the
control target apparatuses described in the control program
are operated, the program analysis means further creating
the master use program and the slave use program from the
control program in such a manner that if the tolerable delay
time is longer than a control cycle of the master controller,
the control target apparatuses are operated within the master
use program and that if the tolerable delay time is shorter
than a control cycle of the master controller, the control
target apparatuses are operated within the salve use program
of the slave controller for directly driving the control target
apparatuses. If the slave use program references input/output
information about the other slave controller, the program
analysis means may communicate with the slave controller
so as to create the slave-to-slave communication setting
information for acquiring the input/output information.

Furthermore, according to the above-outlined motion
controller of this invention, the program analysis means may
preferably acquire information about the delay time that is
tolerable when the control target apparatuses described in
the control program are operated, and if the tolerable delay
time cannot be met despite communication with the slave
controller, the program analysis means may output an error
message indicating that the tolerable delay time is incor-
rectly designated. Alternatively, upon initial setting of the
motion controller, the slave use communication setting
means may preferably transfer the master-to-slave commu-
nication setting information and the salve-to-slave commu-
nication setting information to the slave controller via the
network, and the slave use program transfer means may
transfer the slave use program to the slave controller.

And according to the above-outlined motion controller of
this invention, upon program execution of the motion con-
troller, the master use program execution means of the
master controller may preferably execute the master use
program to transmit commands to the slave controller and to
receive status information from the slave controller; the
slave controller may acquire input/output information about
the other slave controller based on the slave-to-slave com-
munication setting information, and the slave use program
execution means of the slave controller may execute the
slave use program to transmit status information indicative
of current execution status to the master controller. Alter-
natively, a display/input means connected to the motion
controller may preferably permit input of the master-to-slave
communication setting information, editing of the control
program, execution of the program analysis means, and
verification of the master use program with regard to the
master controller, and the display/input means may prefer-
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ably permit verification of the master-to-slave communica-
tion setting information, the slave-to-slave communication
setting information, and the slave use program with regard
to the slave controller.

Advantageous Effects of the Invention

According to this invention outlined above, there is pro-
vided a motion controller capable of improving the response
of the system without having to raise the arithmetic capacity
of'the master controller or to boost the communication speed
on the network. The motion controller is also provided to
create easily a control program for implementing rapid
response by automatically separating therefrom a program to
be executed by slaves in such a manner that a tolerable delay
time designated by the control program will not be
exceeded.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a structure of a motion controller as an
embodiment of this invention.

FIG. 2 shows a typical description of a control program
for the above-mentioned motion controller.

FIG. 3 shows a typical velocity pattern of axis movements
described in the control program indicated in FIG. 2.

FIG. 4 is a flowchart showing details of a program
analysis process performed by a program analysis unit of a
master controller constituting part of the above-mentioned
motion controller.

FIG. 5 shows a typical master use program created by
analyzing the control program indicated in FIG. 2.

FIG. 6 shows a typical slave use program created by
analyzing the control program indicated in FIG. 2.

FIG. 7 shows a typical input/output port mapping table for
the above-mentioned motion controller.

FIG. 8 shows a typical axis mapping table for the above-
mentioned motion controller.

FIG. 9 shows typical operations upon initial setting of the
above-mentioned motion controller.

FIG. 10 shows typical operations upon program execution
of the above-mentioned motion controller.

FIG. 11 is a flowchart showing details of a program
execution process performed by a master use program
execution unit of the above-mentioned motion controller.

FIG. 12 is a flowchart showing details of a program
execution process performed by a slave use program execu-
tion unit of the above-mentioned motion controller.

FIG. 13 shows a typical screen display for operating a
communication setting unit, a program editing unit, and a
program analysis unit of the master of the above-mentioned
motion controller.

FIG. 14 shows a typical screen display for verifying
communication setting information and a slave use program
for each slave of the above-mentioned motion controller.

FIG. 15 shows a structure of a conventional network type
motion controller.

MODE FOR CARRYING OUT THE INVENTION

Some embodiments of the present invention are explained
below in detail by reference to the accompanying drawings.

FIG. 1 shows a structure of a motion controller as one
embodiment of this invention.

As is evident from FIG. 1, the motion controller embody-
ing this invention is a control system having a master
controller 1 and at least one slave controller 2 interconnected
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via a network 3. Various control target apparatuses are
connected to the slave controller 2. These control target
apparatuses are controlled by the master controller 1 and/or
slave controller 2.

The structure of the master controller 1 is explained first.
A program editing unit le constitutes a means that allows a
user to create a control program describing the operations of
control target apparatuses using a display/input unit 1a such
as a display and a keyboard. Here, the master controller 1 is
structured in such a manner that the delay time tolerable for
operating the control target apparatuses can be designated
when the control program is described. A control program
storage unit if is a means that stores the created control
program. Specifically, this unit is made of a memory or the
like.

The program analysis unit le constitutes a means that
inputs the created control program, separates therefrom a
slave use program to be executed by the slave controller 2
in a manner not to exceed the above-mentioned tolerable
delay time, and creates slave-to-slave communication set-
ting information needed by the slave controller 2 to execute
the slave use program. A slave use program storage unit 1
is a means that stores the slave use program created here.
And a slave-to-slave communication setting information
storage unit 1% is a means that stores the slave-to-slave
communication setting information also created. These units
are each made of a memory or the like, for example.

That part of the control program which is left after the
slave use program is separated serves as a master use
program to be executed by the master controller 1. A master
use program storage unit 1m constitutes a means that stores
the master use program. And a master use program execu-
tion means 1z constitutes a means that executes the master
use program. As in the case above, these units are each made
of a memory or the like, for example.

A communication setting unit 15 is a means that allows
the user to make communication settings between the master
controller 1 and the slave controller 2 via the network 3
using the above-mentioned display/input unit 1a. The com-
munication settings thus made constitute master-to-slave
communication setting information. Also, the communica-
tion setting unit 15 may be used to verify the above-
mentioned slave-to-slave communication setting informa-
tion. A master-to-slave communication setting information
storage unit 1¢ constitutes a means that stores the master-
to-slave communication setting information. A master use
communication unit 1d constitutes a means that controls the
communications of the master controller 1 via the network
3.

A slave use communication setting unit 1/ constitutes a
means that transfers the above-mentioned master-to-slave
communication setting information and slave-to-slave com-
munication setting information to the respective controllers
2 via the network 3. And a slave use program transfer unit
1% constitutes a means that transfers the above-mentioned
slave use program to the corresponding slave controller 2.

Although the master controller 1 was explained to have
the program editing unit 1le and program analysis unit 1g in
the structure shown in FIG. 1, this is not limitative of the
present invention. Alternatively, these means can be incor-
porated in a computer (e.g., personal computer) separate
from the master controller 1.

The structure of the slave controller 2 is explained next.
First of all, a communication setting unit 2a constitutes a
means that makes communication settings of the slave
controller 2 based on the above-mentioned master-to-slave
communication setting information and slave-to-slave com-
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munication setting information. A communication setting
information storage unit 25 constitutes a means that stores
these bodies of communication setting information. A slave
use communication unit 2¢ constitutes a means that controls
the communications of the slave controller 2 via the network
3.

A program transfer unit 24 constitutes a means that
transfers the above-mentioned slave use program from the
master controller 1 via the network 3. A slave use program
storage unit 2e constitutes a means that stores the transferred
slave use program. And a slave use program execution unit
2g is a means that executes the slave use program.

A slave use command execution unit 2f constitutes a
means that executes commands transmitted from the master
controller 1 to the slave controller 2 and commands issued
by a slave use program execution unit 2g upon execution of
the slave use program. And a device control means 2/
constitutes a means that performs input/output operations
and various control processes (servo control process, etc.) on
a control target apparatus 2i connected to the slave controller
2.

Next, FIG. 2 shows a typical description of the control
program for the motion controller of which the structure was
explained in the foregoing paragraphs.

In FIG. 2, the program is described in a state transition
diagram format. Here, step 301 corresponding to each state
is described using a step number 301a (“S100”) for identi-
fying the step and a command 3015 as a control process to
be executed in this step 301. Further described explicitly as
a transition condition 301c is a condition which, when met,
has the command processing of this step regarded as termi-
nated (this condition is called the termination condition) as
well as the delay time (called the latency) tolerated from the
time the termination condition is met until the time transition
is made to the next step.

For example, a first step 301 (step number 3014, “S100”)
is described with a command 3015 to move a first motor axis
(AXIS1) to a target position X0 at a velocity VO (i.e.,
“MoveAxis(AXIS1, X0, V0)”) and with a transition condi-
tion 301c¢ specifying that when the termination condition of
whether AXIS1 is positioned to the target position is met
(i.e., “AxisStatus| AXIS1=C_IN_POS”]), transition is to be
made to the next step within the tolerable latency of 10 ms
(i.e., “with Latency<=C_10_MILLISEC”).

Likewise, the next step 302 (step number 302a, “S101”)
is described with a command 3025 to move AXISI1 to a
target position X1 at a velocity V1 (i.e., “MoveAxis(AXIS1,
X1, V1”) and with a transition condition 302¢ specifying
that when the termination condition of whether the signal (of
sensor A) at the O-th input port (PORT 0) is ON (i.e.,
“In[PORTO0]==0N") is met, transition is to be made to the
next step within the tolerable latency of 50 ms (i.e.,
“withLatency<=C_50_MILLISEC”).

Incidentally, it is assumed that the motion controller can
execute a plurality of control programs in parallel (so-called
multitasking) and that each of the control programs uses
unique step numbers. It is also assumed that the steps of a
given control program are automatically assigned serial step
numbers from the first step on.

And the control program shown in FIG. 2 describes the
following axis movements: First in step S301 (step number
301a, “S100”), AXIS1 is moved to the position X0 at the
velocity VO (as indicated by the comment “/* Move to X0
at V0*/). Next in step S302 (step number 302a, “S101”),
AXIS1 is moved to the position X1 at the velocity V1 (as
indicated by the comment “/* Move to X1 at V1 */”°). And
when the sensor A connected to PORTO is turned ON during
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this movement (i.e., “In[PORTO0]=0ON"), transition is made
to step number S102. AXIS1 is then moved to the position
in effect at this point and added with DX at a velocity V2 (as
indicated by the comment “/* Move +DX at V2 */7).
Further, when a sensor B connected to PORT1 is turned ON
during this movement (i.e., “In[PORT1]=—=0N"), transition
is made to step S103. In step S103, AXIS1 is moved to the
position X0 at a velocity V3 (as indicated by the comment
“/* Move to X0 at V3 */). And tolerable latency is
described in the transition condition for each step.

Next, FIG. 3 shows a typical velocity pattern of axis
movements described in the control program indicated in
FIG. 2.

FIG. 3 indicates a velocity pattern 401 for each of the
steps (step numbers S100 through S104). The pattern shows
a typical timing at which a termination condition 402
(“sensor A is ON”) is met upon transition from step S101 to
step S102 and another typical timing at which a termination
condition 403 (“sensor B is ON™) is met upon transition
from step S102 to step S103. In actual axis movements, after
the termination condition 402, (“In[PORT0]==ON") and
termination condition 403 (“In[PORT1]==ON") are each
met, a delay time takes place before transition is made to the
next step, i.e., until the velocity of movement is changed.
The control program shown in FIG. 2 designates tolerable
latency so as to manage the delay time.

Further, FIG. 4 is a flowchart showing a typical program
analysis process performed by a program analysis unit
(indicated by reference character 1g in FIG. 1) of the motion
controller as one embodiment of the invention. This program
analysis unit performs the analysis process sequentially,
starting from the first step (initial step) of the control
program such as one shown in FIG. 2 and proceeding in
order of step numbers n.

In the initial step (process 501), it is determined whether
this is the initial step. When this step is determined to be the
initial step (“Yes™), the command of step Sn is input from the
control program (process 502). Then the command process
of Sn is added to the master use program (process 503),
before transition is made to a process 504.

On the other hand, if it is determined in the process 501
that this step is not the initial step (“No”), the transition
condition for the next step Sn+1 is input (process 504). The
command of step Sn+1 is input (process 505), and tolerable
latency designation information is acquired from the tran-
sition condition of step Sn+1 (process 506).

At this point, it is determined whether the control cycle of
the master controller is shorter than predetermined tolerable
latency (process 507). If the control cycle is determined to
be shorter than the predetermined tolerable latency (“Yes”),
it is concluded that the master controller can respond within
the tolerable latency. In this case, a termination condition
determination process of step Sn is added to the master use
program (process 508). Furthermore, the command process
of step Sn+1 is added to the master use program (process
509), before transition is made to a process 516.

On the other hand, if the control cycle of the master
controller is determined not to be shorter than the designated
tolerable latency (“No”) in the determination process 507,
then it is concluded that program execution by the slave
controller is necessary (process 510). In this process, a
communication delay time is acquired between the slave
controller (assumed to be slave (1) here) to which the input
signal included in the termination condition of step Sn is
connected and another slave controller (assumed to be slave
(2) here) to which the control target apparatus operated by
the command of step Sn+1 is connected.
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It is determined whether the communication delay time
between the slave (1) and slave (2) is shorter than the
designated tolerable latency (process 511). If the communi-
cation delay time is shorter than the tolerable latency
(“Yes”), slave-to-slave communication setting information
is created between the slave (1) and slave (2) (process 512).
A termination condition determination process of step Sn is
added to the slave use program for the slave (2) (process
513). After the command process of step Sn+1 is further
added to the slave use program for the slave (2), transition
is made to a process 516.

On the other hand, if the result of the determination
process 511 above reveals that the communication delay
time between the slave (1) and the slave (2) is not shorter
than the tolerable latency (“No”), an error message is output
indicating that the value of the designated tolerable latency
is impracticable (process 515). Thereafter, the program
analysis process is terminated.

Ifthe last step of the control program input to the program
analysis process is reached, i.e., if the result of a program
termination determination (process 516) is affirmative
(“Yes”), the program analysis process is also terminated.

By contrast, if the program has yet to be terminated (the
result of the determination process 516 is “No”), the step
number n is incremented by 1 (process 517), and the process
514 above is reached again. The analysis process above is
thereafter repeated until the program is terminated.

Next, FIGS. 5 and 6 show a typical master use program
and a typical slave use program, respectively, each created
by analyzing the control program indicated in FIG. 3.

First, as shown in FIG. 5, the master use program left after
the slave use program is separated from the control program
indicated in FIG. 2 dispenses with the processes shifted to
the slave use program. As a result, blank steps having solely
step numbers (S102, S103) are created.

Meanwhile, as shown in FIG. 6, the processes ranging
from the termination condition determination process of step
S101 to the command process of step S103 are separated as
the slave use program (at this point, the conditional expres-
sion for designating the tolerable latency is omitted). In this
example, the control cycle of the master controller is set to
1 millisecond, and the processes of the steps in which the
tolerable latency is set to be shorter than that control cycle
are separated as the slave use program.

For slave controllers to execute the slave use program
shown in FIG. 6, it is necessary to identify the slave
controller to which the input signal included in the termi-
nation condition of each step is connected, and the slave
controller to which the control target apparatus to be oper-
ated by commands is connected, as mentioned above. What
is used here are the input/output port mapping table and axis
mapping table to be explained below.

FIG. 7 shows a typical input/output port mapping table,
and FIG. 8 indicates a typical axis mapping table.

The input/output port mapping table shown in FIG. 7
describes logical “input port numbers” 801 of the motion
controller, “slave numbers” 802 of the slave controller to
which the input signals assigned to these input ports are
connected, and “device names” of these input signals. For
example, in the case of the slave use program indicated in
FIG. 6, “sensor A” and “sensor B” connected to input ports
0 and 1 respectively are referenced as the termination
condition. Consequently, these devices are understood to be
connected to the slave controller having the slave number 1.

On the other hand, the axis mapping table shown in FIG.
8 describes logical “axis numbers” 901 of the motion
controller, “slave numbers” 902 of the slave controllers to
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which the axes that are assigned these numbers are con-
nected, and “axis names” 903 of these axes. For example, in
the case of the slave use program shown in FIG. 6, the
command to move “motor 1” assigned to the axis number 1
(AXIS1) is described. Consequently, the axis in question is
understood to be connected to the slave controller having the
slave number 1.

As explained above, according to the present invention,
the input/output port mapping table and axis mapping table
are used to identify one slave controller for executing the
slave use program and another slave controller that needs to
conduct slave-to-slave communication with that slave con-
troller. Thus slave-to-slave communication settings are
established and the slave use program is transferred between
these slave controllers.

Next, FIG. 9 shows typical operations upon initial setting
of the motion controller. FIG. 9 indicates the initial setting
in effect when the slave use program shown in FIG. 6 is
executed.

Communication setting information including slave-to-
slave communication setting information is transferred from
the master controller 1 to the slave controller having the
slave number 1 (indicated as “SLAVE 1” in FIG. 9) via the
network 3 (indicated by arrow 1001). The communication
setting information including the slave-to-slave communi-
cation setting information and the slave use program shown
in FIG. 6 are transferred from the master controller 1 to the
slave controller having the slave number 2 (indicated as
“SLAVE 2” in FIG. 9) via the network 3 (indicated by arrow
1002).

Meanwhile, FIG. 10 shows typical operations upon pro-
gram execution of the motion controller. This drawing
shows communication processing in effect when the slave
use program indicated in FIG. 6 is executed.

Input signal status of “sensor A” and “sensor B” is
transmitted from the slave 1 to the slave 2 through slave-
to-slave communication (indicated by arrow 1101). And the
step number of the step currently executed by the master
controller 1 is transmitted from the master controller 1 to the
slave 2 (indicated by arrow 1102). If this command (i.e., step
number) matches the first step number of the slave use
program (S101 in FIG. 6), the slave use program starts being
executed. Thereafter, the status of the execution is transmit-
ted as “status (information)” to the master controller 1
(indicated by arrow 1103). Upon executing the master use
program, the master controller 1 transmits commands to
each of the slave controllers configured. Each slave control-
ler transmits command execution status as status (informa-
tion) to the master controller 1.

FIG. 11 is a flowchart showing details of the program
execution process performed by a master use program
execution unit (having reference character 1z in FIG. 1) of
the motion controller 1. The master use program execution
unit 1z executes sequentially the processing described in
each of the steps of the master use program (having refer-
ence character 1m in FIG. 1), starting from the initial step.

When the program execution is started, it is first deter-
mined whether step Sn is the initial step, “n” being the step
number of the currently executing process (process 1201). If
the result of this determination reveals that step Sn is the first
step (“Yes™), the command process of step Sn is executed
(process 1202). Then transition is made to a process 1203.

On the other hand, if the result of the determination
process 1201 reveals that step Sn is not the initial step
(“No”), it is further determined whether the termination
condition of step Sn is met (process 1203). If the result of
this determination reveals that the termination condition is
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met (“Yes”), the command process of the next step Sn+1 is
executed (process 1204). Thereafter, it is further determined
whether the program is terminated in step Sn+1 (process
1205). If the result of this determination reveals that the
program is terminated in step Sn+1 (“Yes”), a termination
flag is set to indicate the termination of the program in
question (process 1206). Transition is then made to a process
1207.

By contrast, if the determination process 1205 reveals that
the program is not terminated in step Sn+1 (“No”), the step
number n is incremented by 1 (process 1207), and the
program execution process is terminated. The program
execution process is also terminated if the determination
process 1203 reveals that the termination condition of step
Sn is not met (“No”).

The program execution process above is carried out at
constant intervals (i.e., control cycle) by the master control-
ler 1. The step number of the currently executing step is
managed for each master use program executed by the
master controller 1. Likewise, the termination flag above is
provided for each master use program. As a result, once the
termination flag is set, the program execution process is not
carried out.

FIG. 12 is a flowchart showing details of the program
execution process performed by the slave use program
execution unit (having reference character 2g in FIG. 1)
constituting part of the motion controller embodying this
invention. The slave use program execution unit 2g executes
sequentially the processing described in each of the steps of
the slave use program (having reference character 2e in FI1G.
1) in order of step numbers.

When the program execution is started, it is first deter-
mined whether the termination condition of step Sn is met,
“n” being the step number of the currently executing process
(process 1301). If the result of this determination reveals that
the termination condition of step Sn is met (“Yes”), the
command process of the next step Sn+1 is executed (process
1302). Thereafter, it is determined whether the program is
terminated in step Sn+1. If the result of this determination
reveals that the program is terminated in step Sn+1 (“Yes”),
a termination flag is set (process 1304), and transition is
made to a step 1305.

On the other hand, if the determination process 1303
reveals that the program is not terminated in step Sn+l
(“No”), the step number n is incremented by 1 (process
1305). Thereafter, the program execution process is termi-
nated. The program execution process is also terminated if
the determination process 1301 reveals that the termination
condition of step Sn is not met (“No”).

The program execution process above is carried out at
constant intervals by the slave controller 2. Once the termi-
nation flag is set, the program execution process is not
carried out. Since the number of devices to be controlled by
a single slave controller is limited, the load on each slave
controller executing its program is small. For this reason,
there is no need to provide a processor or the like offering
enhanced arithmetic capacity as the slave controller.

Furthermore, FIG. 13 shows a typical screen display for
operating the communication setting unit 15, program edit-
ing unit le, and program analysis unit 1g constituting the
master controller 1 of the above-mentioned motion control-
ler indicated in FIG. 1.

On the screen display shown in FIG. 13, selecting the
master controller (indicated as “Master” in FIG. 13) in a
portion 1401 indicative of a network connection configura-
tion causes a portion 1402 to appear and display information
about the programs stored in the master controller 1. A table
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14024 listing the programs is displayed in the portion 1402.
Selecting one of the displayed programs and clicking on an
edit button (indicated as “Edit” in FIG. 13) 14025 causes a
different program editing screen (not shown) to appear,
permitting editing of the selected program. And clicking on
a compile button (indicated as “Compile” in FIG. 13) 1402¢
executes a program analysis process. And if any error occurs
during the analysis process, an error message 14024 is
displayed.

FIG. 14 shows a typical screen display for verifying the
communication setting information 256 and slave use pro-
gram 2e constituting each slave of the above-mentioned
motion controller.

On the screen display shown in FIG. 14, selecting one of
the slave controllers (indicated as “Slave” in FIG. 14) in a
portion 1501 showing the network connection configuration
causes a portion 1502 to appear and display the communi-
cation setting information about the selected slave control-
ler. The portion 1502 displays the definition of the data
exchanged between the master and the slave and the com-
munication delay time therebetween, as well as the defini-
tion of the data communicated between the slaves and the
communication delay time therebetween. Also, a portion
1503 indicating the slave use program of the selected slave
controller displays a table 1503a giving a list of slave use
programs. Selecting one of the listed programs and clicking
on a display button (indicated as “View” in FIG. 14) 15035
causes a different program display screen (not shown) to
appear, permitting verification of the details of the selected
program.

As explained above in detail, the embodiment of the
present invention includes the program analysis means that
separates, from the control program with the tolerable delay
time designated therein for operation of control target appa-
ratuses, the slave use program to be executed by the slave
controller in a manner not to exceed the tolerable delay time,
and generates the slave-to-slave communication setting
information needed by the slave controller to execute the
separated slave use program. Also included in the embodi-
ment is the slave use program execution means for the slave
controller. The invention when thus embodied provides the
motion controller capable of improving system responsive-
ness without having to boost the arithmetic capacity of the
master controller or to raise the communication speed of the
network.

DESCRIPTION OF REFERENCE NUMERALS

1 Master controller

1a Display/input unit

15 Communication setting unit

1¢ Master-to-slave communication setting information stor-
age unit

1d Master use communication unit

le Program editing unit

17 Control program storage unit

1g Program analysis unit

1/ Slave-to-slave communication setting information stor-
age unit

17 Slave use communication setting unit

1j Slave use program storage unit

1k Slave use program transfer unit

1m Master use program storage unit

1» Master use program execution unit

2 Slave controller

2a Communication setting unit

25 Communication setting information storage unit
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2c¢ Slave use communication unit

2d Program transfer unit

2e Slave use program storage unit

2f Slave use command execution unit
2¢g Slave use program execution unit
2h Device control unit

2i Control target apparatus

3 Network

The invention claimed is:

1. A motion controller comprising a master controller and
at least one slave controller interconnected to each other via
a network so as to perform input/output operation or control
processing on a plurality of control target apparatuses;

wherein the master controller includes:

a program analysis means which inputs a control pro-
gram with a tolerable delay time designated therein
for operation of the control target apparatuses, sepa-
rates from the control program a slave use program
to be executed by the slave controller in a manner not
to exceed the delay time, and generates slave-to-
slave communication setting information needed by
the slave controller to execute the separated slave use
program;

a master use program execution means which executes
a master use program left after the slave use program
is separated from the control program;

a slave use program transfer means which transfers the
slave use program to the slave controller via the
network;

a slave-to-slave communication setting means which
transfers master-to-slave communication setting
information and the slave-to-slave communication
setting information to the slave controller via the
network, and

a master use communication means which performs
communication control between the master control-
ler and the slave controller via the network, and

wherein the slave controller includes:

a slave use program execution means which executes
the slave use program transferred from the master
controller;

a slave use command execution means which executes
a slave use command transmitted from the master
controller via the network and received by the slave
controller and a slave use command issued by the
slave use program execution means;

a slave use communication setting means which stores
the master-to-slave communication setting informa-
tion and the slave-to-slave communication setting
information, and

a slave use communication means which, based on the
master-to-slave communication setting information
and the slave-to-slave communication setting infor-
mation, performs communication control between
the slave controller and the master controller as well
as between the slave controller and another slave
controller via the network.

2. The motion controller according to claim 1, wherein the
control program is written using a state transition diagram
format, describes the commands to be executed in steps each
indicative of different status, describes a termination condi-
tion for terminating each of the steps when the termination
condition is met, and explicitly describes a tolerable delay
time that elapses from the time the termination condition is
met until the time the next step is executed.

3. The motion controller according to claim 1, wherein the
program analysis means of the master controller acquires
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information about the delay time that is tolerable when the
control target apparatuses described in the control program
are operated, the program analysis means further creating
the master use program and the slave use program from the
control program in such a manner that if the tolerable delay
time is longer than a control cycle of the master controller,
the control target apparatuses are operated within the master
use program and that if the tolerable delay time is shorter
than a control cycle of the master controller, the control
target apparatuses are operated within the salve use program
of the slave controller for directly driving the control target
apparatuses, and wherein, if the slave use program refer-
ences input/output information about the other slave con-
troller, the program analysis means communicates with the
slave controller so as to create the slave-to-slave communi-
cation setting information for acquiring the input/output
information.

4. The motion controller according to claim 1, wherein the
program analysis means acquires information about the
delay time that is tolerable when the control target appara-
tuses described in the control program are operated, and
wherein, if the tolerable delay time cannot be met despite
communication with the slave controller, the program analy-
sis means outputs an error message indicating that the
tolerable delay time is incorrectly designated.

5. The motion controller according to claim 1, wherein,
upon initial setting of the motion controller, the slave use
communication setting means transfers the master-to-slave
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communication setting information and the salve-to-slave
communication setting information to the slave controller
via the network, and the slave use program transfer means
transfers the slave use program to the slave controller.

6. The motion controller according to claim 1, wherein,
upon program execution of the motion controller, the master
use program execution means of the master controller
executes the master use program to transmit commands to
the slave controller and to receive status information from
the slave controller, and wherein the slave controller
acquires input/output information about the other slave
controller based on the slave-to-slave communication set-
ting information, and the slave use program execution
means of the slave controller executes the slave use program
to transmit status information indicative of current execution
status to the master controller.

7. The motion controller according to claim 1, further
comprising a display/input means connected to the motion
controller, wherein the display/input means permits input of
the master-to-slave communication setting information,
editing of the control program, execution of the program
analysis means, and verification of the master use program
with regard to the master controller, and wherein the display/
input means permits verification of the master-to-slave com-
munication setting information, the slave-to-slave commu-
nication setting information, and the slave use program with
regard to the slave controller.
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